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A B S T R A C T
The objectives of this study were to describe growth curve of Raeini Cashmere goat applying the Gompertz
growth model and genetic evaluation of growth curve-related traits including model parameters of A, B and K,
inﬂection age (IA) and inﬂection weight (IW) under animal model. The data used in this study, collected in
Raeini Cashmere goat breeding station from 1997 to 2009 and were included 12,831 body weights records
measured at birth, weaning, 6-months of age, 9-month of age and yearling of age. The Pearson’s correlation
coeﬃcient between observed and predicted body weights was 0.98, which means that Gompertz model ade-
quately described the growth curve in Raeini Cashmere goat. The estimated value for growth curve parameters
of A, B and K were 17.97, 1.97 and 0.017, respectively. The weight and age at point of inﬂection were 6.63 kg
and 52.94 days, respectively. Direct heritability estimates for A, B, K, IA and IW were low values of 0.14, 0.10,
0.03, 0.14 and 0.14, respectively. Low estimated values for direct heritability of the studied growth curve traits
in Raeini Cashmere goat indicated that direct selection for these traits may not be useful in terms of achieving
genetic change. Direct genetic correlations ranged from −0.76 (K-IW) to 0.98 (A-IW). Phenotypic correlation
estimates were generally lower than the direct genetic ones and ranged from −0.30 (K-IW) to 0.69 (A-B and B-
IA). IA and IW had high positive phenotypic (0.86) and genetic (0.99) correlations, implying IA and IW were
highly correlated in terms of phenotypic and genetic eﬀects. The studied growth curve parameters of Raeini
Cashmere goat have shown low levels of additive genetic variation.
1. Introduction
Raeini Cashmere breed is one of the most important Iranian native
breeds of goat which have been raised in Kerman province, south-
eastern part of Iran, by nomadic ﬂock holders. High valuable Cashmere
produced by this breed contributes considerably to agricultural
economy of ﬂock holders in this region of Iran. The relationship be-
tween body weight and the age of animal can be modeled by growth
curves (Keskin et al., 2010). Fitting growth curve provides some para-
meters that explain the pattern of animal growth over its life. Growth
curve parameters are useful for estimating several important char-
acteristics such as animal weight at a certain age, optimum slaughter
age of animal, mature body weight, growth rate and also assessing the
management factors aﬀecting growth such as feed requirements
(Daskiran et al., 2010).
As animal grows its growth rate changes, which is reﬂected in the
growth curve curvature, until it reaches the highest growth rate point.
After this inﬂection point, the growth rate gradually decreases. This
tendency continues until growth is stabilized and it reaches its max-
imum value that coincides with the horizontal asymptote (Fitzhugh,
1976; Gomez et al., 2008; Lupi et al., 2016). The growth curve can help
for planning farm management strategies and decision making on the
culling of poor producers and selecting the highly productive animals
only by taking their growth curve into account (Waheed et al., 2011).
Several studies showed that growth curve parameters are highly heri-
table and can be used in developing genetic selection strategies
(Mignon-Grasteau et al., 2000; Lupi et al., 2016). Diﬀerent non-linear
mathematical functions such as negative exponential (Brown et al.,
1976), Brody (Brody, 1945), Gompertz (Laird, 1965), Logistic (Nelder,
1961), Bertalanﬀy (Bertalanﬀy, 1957) and Richards (Richards, 1959)
have been used to describe the growth curve.
Waheed et al. (2011) estimated growth curve parameters in Beetal
goats applying Brody and Gompertz models. They concluded that any of
these models can be used for estimating growth curves of Beetal breed.
Several studies reported that Gompertz model is an appropriate model
for ﬁtting growth curve in goat (Sghaier et al., 2007; Kume and Hajno,
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2011; Gaddour et al., 2012).
To our knowledge there is no previous investigation regarding the
studying of growth curve in Raeini Cashmere goat breed. Therefore, the
objective of the present research was to study the growth curve in
Raeini Cashmere goat breed applying Gompertz model. Furthermore,
growth curve-related traits were evaluated genetically; direct herit-
ability, genetic and phenotypic correlations among them were esti-
mated applying animal models.
2. Material and methods
2.1. Data
A total of 12,831 body weight records that collected from 1997 to
2009 in Raeini Cashmere goat breeding station, located in Baft city,
Kerman province, south-eastern part of Iran, were used in the present
study. Records included birth-weight, weaning-weight, 6-month body
weight, 9-month body weight and yearling weight. The weaning age of
kids was 80 to 95 days old. Animals that had less than four records for
body weights, animals without any records and body weights outside of
the range mean± 2×S.D. have been removed from the data set. After
editing the primary data set, a total of 4746 body weight records belong
to 1000 animals were obtained and used for estimating the parameters
of growth curve. Distributions of the numbers of animals across the
considered ﬁxed eﬀects, except for birth year, are shown in Table 1. The
lowest and highest numbers of animals were obtained in birth year of
2009 (33 goats) and birth year of 2005 (240 goats), respectively.
2.2. Statistical models
The non-linear Gompertz growth curve model was ﬁtted on body
weight-age data applying NLIN procedure and the Newton-Gauss
method (Statistical Analysis System (SAS, 2004) as follows:
w (t)=A×exp (−B× exp (−K× t))
Where, w (t) is the observed body weight at age t (in kg), t is age in
days, A, B and K are model parameters. The parameter A deﬁnes as
asymptotic value or predicted mature live weight; the parameter B is
the turning point of growth and parameter K represents the growth rate.
This model was ﬁtted for each animal and then animals that did not
converge or have the model parameter of A > 30 were removed from
the data set. The inﬂection weight (IW) and inﬂection age (IA) were
calculated as follows (Lupi et al., 2016):
IW=A/2.72
and
IA= ln (B)/K
The estimation of (co)variance components for the studied growth
curve traits was carried out by ﬁtting the below animal model on
growth curve traits of 1000 kids applying WOMBAT software (Meyer,
2007):
y= Xb+ Z1a+ e
Where, y is a vector of records for the studied growth curve traits; b, a
and e are vectors of ﬁxed, direct genetic and residual eﬀects, respec-
tively. Common ﬁxed eﬀects included in the animal models for the
studied growth curve traits were sex of kids in 2 classes (male and fe-
male), dam age at lambing in 6 classes (2–7 years old), birth type in 2
classes (single and twin) and birth year in 13 classes (1997–2009). The
comparison of means and least squares means for the studied traits
across the levels of ﬁxed eﬀects were carried out by GLM procedure of
SAS 9.1 software (Statistical Analysis System (SAS, 2004). Genetic,
phenotypic and residual correlations between the studied traits were
estimated under bivariate animal models.
3. Result and discussion
3.1. General considerations
Least squares means for the studied growth curve traits of Raeini
Cashmere goat across the considered ﬁxed eﬀects are presented in
Table 1. In the present study, birth year of kids had signiﬁcant eﬀect on
all the studied growth curve traits (p < 0.01). The maximum values for
A (22.41 ± 0.43), B (2.16 ± 0.02), K (0.04 ± 0.002), IA
(2.16 ± 0.02) and IW (8.27 ± 0.016) were obtained in birth year of
1999. The minimum values for A (14.01 ± 0.35), IA (26.28 ± 2.50)
and IW (5.17 ± 0.13) were obtained in birth year of 1998 while
minimum ones for Bp (1.71 ± 0.02) and K (0.011 ± 0.002) were
obtained in birth years of 2005 and 2004, respectively. The diﬀerences
between maximum and minimum values for the studied growth curve
traits of Raeini Cashmere goat were statistically signiﬁcant (p < 0.01).
Table 1
Least squares means (± S.E.) for the studied growth curve traitsof Raeini Cashmere goat.
Eﬀect 2 Traits1
A B K IA IW
Sex
Male (464) 18.28 ± 0.18 2.00 ± 0.01 0.016 ± 0.001 54.36 ± 1.26 6.74 ± 0.06
Female (536) 18.27 ± 0.17 1.99 ± 0.01 0.018 ± 0.001 55.49 ± 1.18 6.74 ± 0.06
Birth type
Single (780) 18.20 ± 0.13 1.99 ± 0.01 0.017 ± 0.000 54.41 ± 0.92 6.72 ± 0.05
Twin (220) 18.35 ± 0.23 2.00 ± 0.01 0.017 ± 0.001 55.45 ± 1.63 6.77 ± 0.08
Dam age (yr) *
2 (118) 18.60 ± 0.31 1.98 ± 0.02 0.016 ± 0.002 57.96 ± 2.24a 6.86 ± 0.12
3 (176) 18.38 ± 0.26 2.00 ± 0.01 0.019 ± 0.001 54.89 ± 1.83a 6.78 ± 0.09
4 (211) 18.23 ± 0.24 1.99 ± 0.01 0.017 ± 0.001 54.55 ± 1.71a 6.73 ± 0.09
5 (178) 18.29 ± 0.24 1.99 ± 0.01 0.015 ± 0.001 54.80 ± 1.73a 6.75 ± 0.09
6 (137) 17.96 ± 0.25 1.98 ± 0.02 0.017 ± 0.002 51.76 ± 1.95b 6.63 ± 0.10
7 (180) 18.20 ± 0.24 2.01 ± 0.02 0.018 ± 0.001 55.60 ± 1.74a 6.71 ± 0.09
Birth year ** ** ** ** **
Means with similar letters in each sub class within a column do not diﬀer from another at p < 0.05.
* p < 0.05.
** p < 0.01.
1 A: Predicted mature live weight, B: Turning point of growth, K: Relative growth rate, IA: Inﬂection age, IW= Inﬂection weight.
2 The numbers of animal per each level of ﬁxed eﬀect are shown in the parenthesis.
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Diﬀerent climatic variations and managerial practices through the years
may inﬂuences on the growth of animals. Similarly, Sghaier et al.
(2007) reported signiﬁcant eﬀect of year on growth curve traits of
Tunisian local kids.
Sex and birth type of kids had no signiﬁcant eﬀects on all the stu-
died growth curve traits of Raeini Cashmere goat (p > 0.05). Similar to
us, Waheed et al. (2011) reported that sex and birth type had no sig-
niﬁcant eﬀects on the growth curve parameters of Beetal goats. Dam
age had no signiﬁcant eﬀects on the considered growth curve traits
(p > 0.05) except for IA (p < 0.05). The IA of kids from 6 years old
dams was signiﬁcantly lower than the other age groups of dams
(p < 0.05). Sghaier et al. (2007) ﬁtted Gompertz model on growth
trajectory of local Tunisian kids and reported that sex, birth type of kids
and dam age signiﬁcantly inﬂuenced on growth curve of this breed only
during two ﬁrst months of age. Kume and Hajno (2011) studied growth
curve variations (described by Gompertz model) of Alpine goat from
birth to six-month of age and reported that sex and birth type of kids
had signiﬁcant eﬀects on Parameters of A, B and K which were not in
agreement with the obtained results in the present study. Such diﬀer-
ence may be explained by breed diﬀerences, data structure and man-
agement strategy.
In the present study, Pearson’s correlation coeﬃcient between the
observed values of body weights and those of predicted by Gompertz
function was 0.98, indicating that Gompertz is an appropriate function
to explain the growth curve in Raeini Cashmere goat (Fig. 1). Waheed
et al. (2011) and Raji et al. (2015) reported R2 values of 0.99 and 0.94
for Gompertz model in Beetal goat and Nondescript goat, respectively.
In the present study, Gompertz model predicted birth weight and
yearling weight accurately than weight at 3, 6 and 9-month of age. In
other words, predicted body weights at 3, 6 and 9-months of age were
slightly higher than those of observed. Waheed et al. (2011) concluded
that Brody and Gompertz models similarly described the growth curve
in Beetal goat.
3.2. Growth curve parameters
In the present study, after ﬁtting the Gompertz model the obtained
value of A was 17.97, which estimate the mature weight in Raeini
Cashmere goat, and lower than the corresponding value reported by
Waheed et al. (2011) in Beetal goat (23.39), implying that Raeini goat
has a lower weight at maturity. The lower values of parameter A also
estimated by Raji et al. (2015) in male (8.40) and female (6.42) Non-
descript goat breed. The parameter of A in growth curve is aﬀected by
environmental and genetic eﬀects (Narinc et al., 2010; Lupi et al.,
2016). Therefore, this parameter should be compared with caution in
diﬀerent breeds.
The obtained value of B was 1.97, that was similar with value ob-
tained by Waheed et al. (2011) in Beetal kids (1.98) applying Gompertz
function. The parameter B is a scale parameter and have no biological
interpretation. The obtained value of K was 0.017, which shows the
growth rate to reach the adult weight, was estimated as 0.017 in Raeini
Cashmere goat. Pires et al. (2017) estimated a value of 0.0108 for
parameter K in Repartida goat applying Gompertz model. The value
obtained for parameter K in this study is not in agreement with Raji
et al. (2015) and Waheed et al. (2011) who reported larger value of K
parameter under Gompertz model for Nondescript and Beetal goat,
respectively. Animal with high value for parameter K attain maturity
weight earlier than animals with low value for this parameters (Lupi
et al., 2016). The selecting of animals for decreasing or increasing the
mature weight depends on the breeding and marketing objectives. If the
breeding program is designed for attaining animals with lower energy
requirements, earlier maturity and lower mature weight may be de-
sirable but if the objective of the breeding program is to satisfy the
market demand with higher mature weight of animals, a later maturity
should be consider for animals (Fitzhugh and Taylor, 1971). In the
production system of Raeini Cashmere goat animals have been raised
for meat production purposes. Therefore, animals with high mature
weight and later maturity were preferred.
In the present study obtained values of IW and IA were 6.63 kg and
52.94 days, respectively. Najari et al. (2007) reported values of 38.15
days for age and 5.95 kg for weight at inﬂection point in local Tunisian
goat. Age and weight at inﬂection point in Alpine goat was reported as
47 days and 9.04 kg (Kume and Hajno, 2011) that are larger than the
obtained values in the current study. Raji et al. (2015) reported lower
age and weight at inﬂection point (2.18 weeks and 3.09 kg) in Non-
descript goat. Brody (1945) pointed out that age at inﬂection point can
be considered as the onset of puberty but Pittroﬀ et al. (2008) showed
that there are no relationship between onset of puberty and the in-
ﬂection point of growth curve.
Age and weight at inﬂection point may be used to determine the
optimum slaughter age. According to growth curve parameters ob-
tained, the optimum age and weight for Raeini Cashmere goat is 52.94
days and 6.63 kg, respectively. The most of Raeini Cashmere goat ﬂock
holders slaughter their animals at age and weight of approximately 6-
month old and 20 kg, respectively (Karimkhani et al., 2005). The values
estimated in this study for optimum slaughter age and weight are less
than the real slaughter age and weight that is practiced in commercial
Raeini Cashmere goat production system. In Iranian production system,
goats are sold out according to the live body weights and not based on
the carcass value (Kamjoo et al., 2014). The diﬀerences between price
of animals sold out in the early and late ages is low. The obtained re-
sults in the current study showed that the application of growth curve
parameters to estimate the optimum slaughter age and weight is useful
when animal price system in the market to be based on the carcass
value not on the live body weights value.
Fig. 1. Observed and predicted body weights (kg) of Raeini Cashmere goat at diﬀerent ages by Gompertz model.
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4. Genetic parameters
4.1. Univariate analyses
Variance components and direct heritability estimates for the stu-
died growth curve traits of Raeini Cashmere goat are presented in
Table 2. The estimates of direct heritability were low, ranged from 0.03
for parameter K to 0.14 for parameter A, IA and IW. Direct heritability
of parameter B was estimated as 0.10. Among the parameters of the
growth curve i.e. A, B and K, predicted mature live weight or A had the
highest heritability than others. It is probably because of maturity at a
later age in Raeini Cashmere goat, where the eﬀect of environmental
factors becomes relatively small. Low estimated values for direct her-
itability of the studied growth curve traits in Raeini Cashmere goat
imply that direct selection for these traits may not be useful in terms of
genetic change. Lupi et al. (2016) estimated direct heritability values of
0.41, 0.51, 0.62, 0.41 and 0.41 for A, B, P, IW and IA in the Segurena
sheep breed, respectively, which were higher than the corresponding
values estimated for Raeini Cashmere goat in the present study. Ghavi
Hossein-Zadeh (2015) estimated medium direct heritability values of
0.39 and 0.23 for A and B parameters, and a low estimate of 0.034 for K
parameter of growth curve in Iranian Guilan sheep. The estimates of
direct heritability for A and B parameters of growth curve in Guilan
sheep were higher than the corresponding estimates obtained in the
present study for Raeini Cashmere goat but that of estimated for K
parameter in Guilan sheep was in agreement with the obtained direct
heritability for K parameter in Raeini Cashmere goat.
4.2. Bivariate analyses
The estimates of genetic and phenotypic correlations between the
studied growth curve traits of Raeini Cashmere goat were presented in
Table 3. Genetic correlations ranged from−0.76 (K-IW) to 0.98 (A-IW).
In the present study, positive and high values were estimated for phe-
notypic (0.69) and genetic (0.73) correlations between A and B para-
meters of growth curve in Raeini Cashmere goats. Ghavi Hossein-Zadeh
(2015) reported values of 0.57 and 0.47 for genetic and phenotypic
correlations between A and B parameters of growth curve in Guilan
sheep and pointed out that common genetic and physiological
mechanisms control these traits. Positive genetic correlation between A
and B parameter of growth curve in Raeini Cashmere goat implied that
heavy kids at birth had greater mature weight. In other words, because
of the positive and high genetic correlation between A and B, any in-
crease in initial body weight of kids could be associated with increase in
mature live weight.
Genetic and phenotypic correlations between parameters of A and K
were estimated as −0.36 and −0.15, respectively, implying that kids
with faster growth rate were less likely to achieve as large a mature
weight as kids that grew more slowly in early life. This ﬁnding is in line
with Fitzhugh and Tylor (1971). Lupi et al. (2016) estimated values of
−0.82 and −0.78 for genetic and phenotypic correlations between A
and K parameters of growth curve (calculated via a logistic model) in
Segureno sheep breed which were higher in magnitude than the cor-
responding estimated values in the present study. From a biological
point of view, the correlation between parameters A and K of the
growth curve is of crucial important. This correlation estimate implied
that animals with higher mature body weights frequently represent
lower body weight modiﬁcation in relation to adult weight than ani-
mals with a lower mature weight (da Silva et al., 2012).
In the present study, phenotypic and genetic correlations for A-IA
were not estimable due to not achieving convergence. Genetic and
phenotypic correlation estimates of parameter A with IW were 0.98 and
0.68, respectively implying high and positive relationship between
mature weight and weight at inﬂection point of Raeini Cashmere goat
and thus selection for weight at inﬂection point would improve mature
weight of kids.
Genetic and phenotypic correlations for B-K were positive and low
values of 0.11 and 0.13, respectively. The estimates of genetic corre-
lations of parameter B with IA and IW were 0.73 and 0.56, respectively.
The corresponding estimates of phenotypic correlations were 0.69 (B-
IA) and 0.42 (B-IW). Genetic correlation estimates of K with IA and with
IW were −0.36 and −0.76, respectively. The corresponding pheno-
typic correlations were also negative values of −0.15 and −0.30, re-
spectively. IA and IW had positive phenotypic (0.86) and high genetic
(0.99) correlations, implying IA and IW were highly correlated in terms
of phenotypic and genetic eﬀects.
5. Conclusion
Gompertz model showed a suitable ﬁt to the body weight-age re-
cords in Raeini Cashmere goat. Although, Gompertz model adequately
ﬁt the growth curve in Raeini Cashmere goat, the predictions obtained
in this study applying the growth curve parameters for the optimum age
at slaughter and weight at maturity are diﬀerent from real slaughter
weight and weight at maturity. The studied growth curve parameters of
Raeini Cashmere goat have shown low levels of additive genetic var-
iation.
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Table 2
Variance components and direct heritability estimates for the studied growth
curve traits in Raeini Cashmere goat.
Traitsa bσ2a bσ2e bσ2p bh2± S.E.
A 1.290 8.010 9.300 0.14 ± 0.03
B 0.003 0.029 0.032 0.10 ± 0.04
K 10.962 327.496 338.458 0.03 ± 0.01
IA 66.057 405.780 471.837 0.14 ± 0.05
IW 0.175 1.092 1.267 0.14 ± 0.04
a A: Predicted mature live weight, B: Turning point of growth, K: Relative
growth rate, IA: Inﬂection age, IW= Inﬂection weight.
b h2: direct heritability; σa2: direct additive genetic variance; σe2: residual
variance; σp2: phenotypic variance; S.E.: standard error.
Table 3
Estimates of genetic (above diagonal) and phenotypic (below diagonal) correlations between the studied growth curve traits in Raeini Cashmere goat.
Traitsa A B K IA IW
A – 0.73 ± 0.20 −0.36 ± 0.06 NC 0.98 ± 0.17
B 0.69 ± 0.02 – 0.11 ± 0.04 0.73 ± 0.20 0.56 ± 0.33
K −0.15 ± 0.03 0.13 ± 0.03 – −0.36 ± 0.01 −0.76 ± 0.14
IA NC 0.69 ± 0.02 −0.15 ± 0.03 – 0.99 ± 0.17
IW 0.68 ± 0.02 0.42 ± 0.03 −0.30 ± 0.03 0.68 ± 0.02 –
NC: Not Convergence.
a A: Predicted mature live weight, B: Turning point of growth, K: Relative growth rate, IA: Inﬂection age, IW= Inﬂection weight.
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